Abstract: The precise measurements of energy spectra of cosmic ray positrons and/or electrons by recent experiments show clear excesses above 10 GeV. Moreover, a potential sharp spectral feature was suggested by the Dark Matter Particle Explorer (DAMPE) data. These results inspire quite a number of discussions on the connection with either the annihilation/decay of dark matter (DM) or the astrophysical origins. Here we discuss a dark matter (DM) scenario in which DM particles could annihilate and decay into standard model particle pairs simultaneously. In this model, the peak structure is due to the DM annihilation in a nearby subhalo and the broad positron/electron excesses are due to the decay of DM in the Milky Way. This model can reasonably fit the DAMPE and AMS-02 data of the total e + e − spectra and the positron fraction, with model parameters being consistent with existing constraints. A simple realization of such a DM model is the spin-1 vector DM model.
Introduction
Dark matter (DM) particles may annihilate or/and decay into standard model particles such as pairs of electrons/positrons and protons/anti-protons, and can hence give rise to excesses in the cosmic ray spectra. Identification of such excesses is one of the most important goals of the indirect detection experiments of DM such as PAMELA [1] , ATIC [2] , Fermi-LAT [3, 4] , and AMS-02 [5, 6] . Some progresses have been made in recent years. The most widely-known phenomena are perhaps the spectral anomalies (excesses) of positrons and the electron plus positron spectra. Either astrophysical source(s)/process(es) [7] [8] [9] [10] [11] [12] [13] [14] or the DM annihilation/decay [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] ) were proposed to account for the data.
The DArk Matter Particle Explorer (DAMPE, [27, 28] ), launched on December 17, 2015, is a hihg-energy particle detector dedicated to DM indirect detection and cosmic ray physics. The DAMPE collaboration reported the precise measurement of the cosmic ray e + + e − (CREs) spectrum from 25 GeV to 4.6 TeV [29] . The DAMPE data confirms the spectral hardening of CREs around 50 GeV [4] , and reveals clearly a spectral softening at ∼ 0.9 TeV [29] . These results are consistent with previously reported CRE excesses [2] [3] [4] 6] . Moreover, there might be a sharp peak at ∼ 1.4 TeV. Although the significance of the current data is relatively low [30] , this structure, if confirmed, should imply the existence of nearby quasi-monoenergetic electron sources [31] .
If the DM annihilation or decay is employed to account for the peak, the DM particles should annihilate or decay dominantly into leptons, and the annihilation or decay should occur in local regions not far away from the solar system. This is because that TeV CREs lose their energies very quickly when travelling in the Milky Way, and can not reach us if they were generated far away. The quark channels should be dramatically suppressed due to the constraints of anti-protons. Such models have been proposed in literature . See Ref. [69] for a special review of relevant studies.
The main purpose of this work is to interpret both the sub-TeV positron and electron excesses and the DAMPE peak simultaneously in an annihilation plus decaying DM (ADDM) model. It is natural to speculate that DM particles with a limited lifetime can at the same time annihilate with each other. While the annihilation products, presumed to be leptons, can explain the peak excess around 1.4 TeV, the decay products with lower energies can account for the sub-TeV electron/positron excesses. We will investigate whether such a scenario can be realized to fit the data, without violating existing constraints from e.g., γ-ray observations [70] [71] [72] [73] and the cosmic microwave background (CMB) data [74] . This paper is organized as follows. In Section II, we fit the AMS-02 positron fraction and the AMS-02/DAMPE CRE data with the proposed ADDM model. In Section III, we discuss a possible theoretical realization of such an ADDM scenario. Our conclusions are summarized in Section IV.
Data Fitting

Cosmic ray propagation
The general form of cosmic ray propagation equation reads [75] :
where ψ = ψ(r, p, t) is the phase space density, q(r, p) denotes the source function, D xx = βD 0 (E/4 GeV) δ is the spatial diffusion coefficient, V = dV /dz · z represents the convection velocity, D pp denotes the diffusion coefficient in the momentum space which is characterized by the Alfvenic speed v A and is to describe the reacceleration of particles in the interstellar medium,ṗ = dp/dt is the momentum loss rate, and τ f (τ r ) is the time scale of the fragmentation (the radioactive decay). In this work, we adopt the diffusion-reacceleration model to calculate the propagation process of CREs in the Milky Way [76, 77] . The propagation parameters we use are summarized in Table 1 , which follow Ref. [78] . The half-height of the propagation cynlinder is taken as z h = 4 kpc. Our results are insensitive to this parameter because high-energy CREs can only propagate a limited distance in the Galaxy before they get cooled down. The propagation parameters are consistent with the Boron-to-Carbon ratio data and the Fermi diffuse γ-ray emission [80] . This propagation equation can be solved numerically, by e.g., GALPROP [81] and DRAGON [82] . In this work we use the LikeDM package [79] , which tabulates the outputs from GALPROP and enables fast computation, to calculate the propagation of CREs for all the background (non-DM) components and the Milky Way DM annihilation/decay component of CREs. Note that we will also deal with the CRE propagation from a nearby DM subhalo. For this particular case, we simplify the propagation equation, keeping only the diffusion and energy loss terms, and adopt the analytical Green's function to solve the CRE propagation in a spherically symmetric geometry with infinite boundary conditions [83] .
DM distribution
For the annihilation process, the CRE source function is
where m DM is the mass of the DM particle and dN/dE is the spectrum of CREs per annihilation. For the decaying case, the source term is
where τ is the lifetime of the DM particle.
The DM distribution ρ(r) in the Milky Way is assumed to be an isothermal distribution [84] ρ mw (r) =
where ρ s = 1.16 GeV cm −3 denotes the finite central density and r s = 5 kpc represents the core radius. As for the subhalo, we assume an NFW distribution [85] 
where r s and δ c are the scale radius and characteristic density, ρ crit = 3H 2 /8πG is the critical density of the Universe. The δ c parameter relates with the subhalo concentration parameter c = r v /r s , where r v is the virial radius, as [86] δ c = 7.213δ V = 200 3
For subhalos in the solar neighborhood, we have approximately [86] 
where M sub is the mass of the subhalo. The tidal force of the Milky Way DM halo would remove the DM beyond a so-called tidal radius from the subhalo. Adopting the method of Ref. [86] , the tidal radius is found to be roughly 0.2 times of the original virial radius of a subhalo [31] . Therefore, the DM distribution of the subhalo is an NFW distribution truncated at the tidal radius r t .
Fitting Results
The data used in the fitting include the AMS-02 positron fraction [5] , the AMS-02 CRE spectrum in the energy range of 0.5 GeV ∼ 25 GeV [6] , and the DAMPE CRE spectrum [29] . The AMS-02 CRE fluxes above 25 GeV are not used because of a systematical difference from that of DAMPE. The background electrons include primary electrons accelerated from conventional cosmic ray sources, whose injection spectrum is parameterized as a three-segment broken power-law with an exponential cutoff [31] , and secondary electrons from inelastic collisions of cosmic ray nuclei and the interstellar medium. The background positrons are mainly from the inelastic collisions between cosmic ray nuclei and the medium. The annihilation and decay contributions from DM in both the Milky Way halo and the nearby subhalo are also added to the model. from the model prediction, compared with the measurements. Here the ADDM model parameters are: the mass of the DM particle is m DM = 1.5 TeV, the annihilation cross section is σv = 2.8 × 10 −24 cm 3 s −1 , the decay lifetime is τ = 9×10 26 s, and the branching ratios are e : µ = 1 : 1. The subhalo mass is M sub = 5 × 10 4 M ⊙ , and the distance to the subhalo center is d = 0.1 kpc. Figure 2 shows a slightly improved fitting with annihilation/decay branching ratios e : µ = 1 : 3. It is shown that the model prediction matches well with the data.
The spike structure around 1.4 TeV is due to the annihilation of DM in the subhalo, and the sub-TeV broad excesses of positrons and CREs are mainly due to the decay of DM in the Milky Way halo. To clearly see this, we plot in Figure 3 the CRE fluxes from the DM annihilation or decay in either the Milky Way or the subhalo separately. For the parameters we adopt, the subhalo contribution is dominated by the DM annihilation, which gives rises to the 1.4 TeV peak shown in the data. For the Milky Way components, the decay component is slightly larger than the annihilation one. Note that here we need a relatively high contribution from the DM annihilation in the Milky Way (and hence a relatively large cross section), otherwise the CRE data from 700 GeV to TeV cannot be well reproduced.
The annihilation cross section and decaying lifetime are marginally consistent with the constraints from γ-rays [70] [71] [72] [73] and CMB [74] . As shown in Ref. [31] , the upper limits of the annihilation cross section from CMB are about 3 × 10 −24 cm 3 s −1 for the µ + µ − channel and 10 −24 cm 3 s −1 for the e + e − channel. The lower limits on the decay lifetime from the extragalactic diffuse γ-ray background are about 4 × 10 26 s for the µ + µ − channel and 10 27 s for the e + e − channel. Therefore, the model parameters derived in this work are not excluded by the current data. 
Model
From the data fitting in the previous section, we need a primary spectrum which includes contributions from both annihilation and decay of DM into a pair of light charged leptons (referring to e and µ, which are commonly denoted as ℓ hereafter). The simplest candidate is supposed to be a spin-0 particle S. However, this scenario does not work naturally. We first consider that S annihilates intol i ℓ j via a t-channel charged fermionic mediator. To avoid the p-wave suppression, it requires a large chiral violation which at the same time gives rise to either a large lepton flavor violationl i → ℓ j + γ or a large g ℓ − 2; both have been ruled out. Then we consider the s-channel annihilation exchanging a spin-0 or spin-1 mediator X. The latter is again p-wave suppressed, whereas the former is not well motivated.
A spin-1 vector DM (VDM) V µ may work. The reason is that its annihilation intō ℓℓ is not p-wave suppressed even in the absence of chiral violation. In this work we are not aiming at constructing a complete model. We just consider the following minimal Z 2 -invariant effective model
where the Z 2 -odd fermion F is a Dirac fermion, mediating the t-channel annihilation V V → ℓℓ. Here the VDM is leptophilic because it couples dominantly to light leptons. To suppress the lepton flavor violation, we further require that each lepton flavor ℓ i has its own partner F i , and they do not give rise to new flavor violation. Different from the scalar DM case, the annihilation cross section has unsuppressed s-wave contribution
with r ≡ m V /m F < 1. Without chiral violation, the contribution to g ℓ − 2 from Eq. (3.1) is not significant, given by [87] 
which is suppressed by the light fermion mass square. We display the numerical results of Eq. (3.2) and Eq. (3.3) in Fig. 4 . We find that for σl ℓ v as large as ∼ 100 pb, the resulting g ℓ − 2 can still lie below the current uncertainties, which are ∼ 10 −12 and 10 −9 for electrons and muons, respectively. The conclusion is particularly true in the region with r ∼ 1. Note that the leptophilic VDM is not stringently constrained by the DM direct detection results, because the DM-nucleon scattering proceeds only at the loop level. However, for an annihilation cross section as large as 100 pb, the relic density after freezing-out will be too small to account for the total DM budget. Other production mechanisms, such as the late-time decay from parent particles, are necessary. Actually, a structure similar to Eq. (3.1) is presented in the little Higgs model with T -parity [88] or the extra dimensional theory with KK-pairty [89, 90] , where the lightest T /KK-odd vector boson is the VDM candidate. In these models all left-handed fermions are accompanied with T /KK-odd heavy fermions. But after identifying g V with the U (1) Y gauge coupling g ′ , the cross section is far from the required value to fit the CRE data. From the required large g V value, it is of interest to build VDM in the context of the composite Higgs model. Now we discuss the VDM decay. To make it decay into a pair of light leptons, the simplest approach is to introduce a term which breaks Z 2 explicitly as the following:
The resulting lifetime of V is τ V ∼ 10 26 s (10 −26 /ǫ V ) 2 (1.5 TeV/m V ). To understand the smallness of ǫ V , one needs the completion of the effective model and specifies the origin of Z 2 . For instance, it might be due to a spontaneous but tiny break of Z 2 by a scalar field; such a break results in a tiny mixing between V and some leptophilic gauge bosons, then giving rise to the effective operator in Eq. (3.4) through this tiny mixing. Alternatively, if Z 2 is identified with the T -parity, its violation may be due to anomaly [? ] .
To end up this section we make a comment on the spin-1/2 candidate χ. It may also give the desired CRE spectrum if its interaction is largely specified by a spin-1 intermediate state X µ which is merely slightly lighter than χ and dominantly couples to ℓ 1 . In such a case, the DM cascade decay χ → ν + X(→lℓ) produces the e + e − spectrum similar to that from the two-body decay. Moreover, the annihilationχ + χ →l i + ℓ j is not p-wave suppressed. We leave this scenario for future studies.
Conclusion
In this work, we propose an ADDM model to interpret the positron and CRE data from AMS-02 and DAMPE. In this model we assume that DM particles could annihilate and decay into light leptons (electrons and muons) at the same time. It is shown that the annihilation in a nearby subhalo can explain the potential peak structure of the CRE spectrum, and the decay in the Milky Way halo can explain the broad sub-TeV excesses of both positrons and CREs. The model parameters, although somehow tuned to fit the data, are consistent with the current γ-ray and CMB constraints.
A spin-1 VDM was proposed as a particle realization of the model. The annihilation into leptons of the VDM is not p-wave suppressed even in the absence of chiral violation. At the same time, its contribution to g − 2 is not significant.
